AIM: The present study aims to investigate for the first time antitumor and antibacterial activities of Viscum album L. grown on different host trees. METHODS: Two different bioassays (antitumor and antibacterial) were performed to evaluate the biological activities of European mistletoe (Viscum album L.) plants collected from 13 different host trees (Crataegus tanacetifolia, Crataegus monogyna, Abies nordmanniana, Pinus sylvestris, Pyrus elaeagnifolia, Pyrus communis, Malus sylvestris, Prunus spinosa, Prunus divaricata, Robinia pseudoacacia, Salix alba, Populus nigra and Sorbus torminalis). For each mistletoe sample collected from different host trees, 2 different extracts (aqueous and ethanol) were prepared and totally 26 extracts were tested. Antitumor activity was evaluated with potato disc diffusion bioassay. The disc diffusion assay was used to screen for antibacterial activity. Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium, Serratia marcescens, Proteus vulgaris, Enterobacter cloacae and Klebsiella pneumoniae which are Gram-negative bacteria, and Staphylococcus aureus, Staphylococcus epidermidis and Streptococcus pyogenes which are Gram-positive bacteria were used. RESULTS: The aqueous extract of V. album collected from P. divaricata (87.3 % inhibition) revealed the best antitumor activity. Furthermore, aqueous extract of mistletoe hosted by P. elaeagnifolia (69.0 % inhibition) and ethanolic extract of mistletoe hosted by P. sylvestris (67.6 % inhibition) exhibited significant antitumor activity. All mistletoe extracts did not reveal any antibacterial activity against used bacteria. CONCLUSIONS: The present study revealed a significant effect of host tree on the antitumor activity of V. album. Key words: Antibacterial, antitumor, mistletoe, Viscum album. 
INTRODUCTION

Viscum album L. (European mistletoe) belonging
to Loranthaceae family is a semi-parasitic plant which grows on various host tree and shrubs in Turkey and Europe. Since ancient times, European mistletoe has been used as a medicinal herb [1, 2] . It has been used for the treatment of high blood pressure, nervous tachycardia, hypertensive headache, some inflammatory diseases and cancer in traditional medicine [1] [2] [3] . A wide variety of pharmacological effects of V. album have been studied. Antidiabetic [4] [5] [6] , antioxidant [5, 6] , vasodilator [7, 8] , sedative [9] , antihypertensive [10] , antiepileptic [9] , antipsychotic [9] , antiinflammatory [11, 12] , immunostimulant [11, 12] antimutagenic [13, 14] as well as anticancer [15] [16] [17] [18] [19] [20] activities of V. album have been reported. V. album contains glycoproteins (lectins), polypeptides (viscotoxins), flavonoids, alkaloids, amines, caffeic and other acids, terpenoids, lignans and acetylcholine [1, 21] . The European mistletoe extracts are used in an adjuvant cancer therapy because of their immunostimulatory and cytotoxic properties [21] . Because of the cytostatic/apoptotic and immunomodulatory effects of mistletoe extracts, they are often applied in tumor patients [22] . Mistletoe lectins and viscotoxins play an important role in the efficacy of mistletoe therapy [22, 23] .
Investigation of the biological connections established between the host and the parasite plants are essential. Because, the influence of the host tree may play a very significant part in the biological activity of the parasite [21] . The aim of the study was to investigate the antitumor and antibacterial activities of aqueous and ethanol extracts of V. album collected from different host trees.
MATERIAL AND METHODS
Plant material and extraction
Thirteen different plant materials of Viscum album L. grown on different host trees were collected in May-June of 2011 from Bolu, Turkey (Table 1) . Identification of the species was made by using "Flora of Turkey and the East Aegean Islands" [24] and voucher specimens were deposited at the Abant Izzet Baysal University (AIBU) Herbarium, Bolu, Turkey. Collected plants were dried in the oven at 40 °C and then ground into a powder. Water and ethanol (EtOH) were used as extraction solvents. Twenty grams from each plant sample were extracted with 200 ml extraction solvents at 45 °C in a waterbath for 12 hours. The extracts were then filtered, aqueous extract was lyophilized and ethanolic extract was vacuum evaporated. For bioassays, each residue was dissolved in sterile distilled water in order to obtain a final concentration of 100 mg/ml. Host trees, subspecies of V. album, voucher numbers, designation of treatments and yield (%) for each extraction were summarized in Table 1 .
Potato Disc Tumor Induction
Antitumour activity of extracts was assessed with potato disc method as modified by McLaughlin's group [25] . Suspensions of Agrobacterium tumefaciens (ATCC ® 23341) in PBS were standardized to 1x10 9 Colony Forming Units (CFU) as determined by an absorbance value of 0.96±0.02 at 600 nm [26] . All extracts and control solutions were filter sterilized (sterile 0.22 µm filter, Millex ® ). Camptothecin (Sigma ® ) (tumor suppressant) served as a positive control and water was used as a negative control.
Potatoes (Solanum tuberosum L.) were surface sterilized by immersion in 10% commercial bleach (Domestos ® ) for 20 min. Tubers were then placed on sterile paper towels and cut along either side revealing the largest surface area available. The trimmed tubers were then immersed in 20% commercial bleach for 15 min. Cylinders (10 mm diameter) were removed from the center of potato tissue (skin portion was eliminated) using a cork borer and cut into 0.5 cm discs after excluding 1 cm end pieces. These discs were transferred to 24-well culture plates containing water-agar (15 g/L). Each disc was overlaid with 50 µl of appropriate inoculum. Plates were incubated at 28°C in the dark for 2 weeks. After 2 weeks, discs were stained with Lugol's reagent (I 2 KI; 5% I 2 plus 10% KI in distilled water) and tumors on each disc were counted. Experiments were repeated three times. Percent inhibition of tumors was calculated using the formula "% inhibition= [(solvent control mean -tested extract mean) / solvent control mean] X 100" [26, 27] .
Bacterial viability testing
Standardized bacterial suspension (1x10 9 CFU of A. tumefaciens in PBS) was serially diluted with PBS to 1x10 3 CFU. Bacterial viability was determined by incubating 1 ml of each plant extract with 1 ml of bacterial suspension (1x10 3 CFU of A. tumefaciens in PBS) in microcentrifuge tubes (4 tubes per extract) and left for 30 min. At 30 min after inoculation, 0.1 ml of inoculum (bacteria+extract) was removed and inoculated on YEM media with spread plate Crataegus monogyna Jacq. *Yield (%) = Weight of extract (g) / 20 g of plant sample X 100 **Plant specimens were collected by Arzu Ucar Turker technique. After 24 h incubation of inoculated plates at 28 °C, colony counts were made. Also, bacterial growth was evidenced by growth across the plates [26] .
Antibacterial bioassay
The disc diffusion assay (Kirby-Bauer Method) was used to screen for antibacterial activity [28] The turbidity of each broth culture of bacteria was adjusted with saline to obtain a turbidity visually comparable to that of a 0.5 McFarland standard and then Mueller Hinton agar plates were inoculated by using cotton swabs.
All extracts were sterilized by filtering through a 0.22 µm filter (Millex ® ) and sterile filter paper discs (Glass microfibre filters, Whatman ® ; 6 mm in diameter) were impregnated with 13 µl of extract. There were five replicates in each plate and two plates for each extract tested for each bacterium. Positive controls consisted of five different antimicrobial susceptibility test discs (Bioanalyse ® ): Erythromycin (15 µg) (E-15), Ampicillin (10 µg) (AM-10), Carbenicillin (100µg) (CB-100), Tetracycline (30 µg) (TE-30) and Chloramphenicol (30 µg) (C-30). Four antibiotic discs were used for each plate and run in duplicate. Water was used as a negative control. Inoculated plates with discs were placed in a 37 °C incubator. After 16 to 18 hrs of incubation, inhibition zone diameter (mm) was measured. All experiments were repeated three times.
Data analysis
All data were analyzed by analysis of variance (ANOVA) and mean values were compared with Duncan's Multiple Range Tests using SPSS vers. 15 (SPSS Inc., Chicago, IL, USA).
RESULTS
Twenty-six different extracts prepared with two kinds of solvent (water and ethanol) of V. album material grown on thirteen different host trees were tested in order to screen and show their potential as antibacterial and antitumor agents ( Table 2) . Best antitumor activity was observed with aqueous extract of V. album collected from P. divaricata (87.3 % inhibition). Aqueous extract of mistletoe collected from P. elaeagnifolia (69.0 % inhibition) and ethanolic extract of mistletoe collected from P. sylvestris (67.6 % inhibition) also exhibited strong antitumor activity. No tumor formation was observed with positive control camptothecin (100% inhibition) ( Table 2) . Final concentrations of all extracts were adjusted with distilled water. So, water was used as a negative control.
A prerequisite for potato disc tumor induction assay is that the extract or substance being tested should not have antibacterial activity toward A. tumefaciens [26] . Inhibition of crown gall formation on potato discs is caused by two effects: by antitumorogenesis or decreasing the viability of the A. tumefaciens. Viability tests were carried out with all extracts to distinguish between these possibilities. Bacterial viability was determined by incubating plant extracts with 1x10 3 colony-forming units (CFU) of A. tumefaciens bacterial suspension and left for 30 min. As the attachment of the bacterium to a tumor-binding site is complete within 15 min following inoculation [29, 30] , 30 min exposure was chosen in the experiment. There was no difference in bacterial growth across the plates between control (only A. tumefaciens) and tested extracts (A. tumefaciens + plant extracts) in terms of colony counts (ranged from 9.2x10 3 to 13x10 3 CFU). All tested extracts did not affect the viability of the bacterium. Thus, observed inhibition of tumor formation for these extracts was on the formation of tumors. Kirby-Bauer test (disc diffusion method) is the most widely used standard method for antibacterial bioassay. It is currently performed by National Committee for Clinical Laboratory Standards on disc diffusion susceptibility testing [28] . All mistletoe extracts were not effective against used bacteria and antibacterial activity of used extracts was not observed. Bacterial growth was generally sensitive to the reference antibiotics tested (Table 3) . Inhibition zones varied from 46.25 mm for ampicillin and S. pyogenes to 9.25 mm for tetracycline and S. epidermidis (Table 3) . Since final concentrations of all extracts were adjusted with distilled water, it was used as a negative control and there was no inhibition with this control solvent (Table 3) . 
DISCUSSION
Extracts from V. album are one of the most widely used alternative cancer therapies in Europe [31] . The phytochemical profile and bioactivity of mistletoe depends on the host trees [32, 33] . Although there are many studies about biological activities of V. album, there are a few studies [32] [33] [34] about comparison of biological activities of V. album grown on different host trees. Our study aimed to compare the antitumor and antibacterial activities of this plant collected from different hosts.
The inhibition of A. tumefaciens-induced tumors (or crown gall) in potato disc tissue is an assay based on antimitotic activity and can detect a broad range of known and novel antitumor effects [26, 27] . The validity of this bioassay is predicted on the observation that certain tumorigenic mechanisms are similar in plants and animals. It was demonstrated that inhibition of crown gall tumor initiation on potato disc showed an apparent correlation with compounds and plant extracts known to be active in the 3PS (in vivo, murine leukemia) antitumor assay [26, 35] . Ferrigini et al. [25] showed that crown gall tumors on potato discs could routinely be employed as comparatively rapid, inexpensive, safe, and statistically reliable prescreen for 3PS antitumor activity.
Luczkiewicz et al. [32] analyzed the phenolic acids present in methanolic extracts of mistletoe collected from various hosts (Sorbus aucuparia, Acer plantanoides, Malus domestica, Pyrus communis, Populus nigra and Quercus robur) with the use of HPLC. They indicated that qualitative and quantitative composition of mistletoes hosted by Malus domestica and Pyrus communis showed considerable similarities as far as phenolic acids were concerned [32] . Similarly, ethanolic extracts of V. album hosted by Malus sylvestris, Pyrus communis and Pyrus elaeagnifolia exhibited close antitumor actions (57.7%, 62% and 50.7%, respectively) in our study (Table 2) .
Vicas et al. [33] investigated the influence of some host trees (Acer campestre, Fraxinus excelsior, Populus nigra, Malus domestica and Robinia pseudoacacia) on the chemical composition and antioxidant activity of V. album leaves and stems. V. album hosted by Fraxinus excelsior recorded the highest level of total phenolic acids (108.64 µg/g dry matter) while the mistletoe hosted by Malus domestica had the lowest level of total polyphenols (39.37 µg/g dry matter). Higher antioxidant activity was detected in the alcoholic than in the aqueous extracts. In our study, ethanolic extracts of V. album hosted by Malus sylvestris (57.7%), Populus nigra (46.5%) and Robinia pseudoacacia (46.5%) exhibited moderate antitumor activity (Table 2) . Lectins and viscotoxins of mistletoe inhibit tumors and stimulate immune resistance. But, immunostimulant and antitumor effects are usually more evident for crude extracts of V. album than for purified mistletoe lectins and viscotoxins alone [21] . There may be a synergism in the biological activity of the constituents of mistletoe preparations, indicating that there are complex interactions among them [21] . Hajto et al. [22] proposed the mechanism of synergism between lectins and viscotoxins in the complete extract. Schaller et al. [23] reported that V. album ssp. abietis contains all six viscotoxins (A1, A2, A3, B, 1-PS and U-PS) with a big predominance of viscotoxin A3, whereas V. album ssp. austriacum lacks viscotoxins A1 and A2, and V. album ssp. album lacks viscotoxins 1-PS and U-PS. Bussing and Schietzel [31] showed that biologically active V. album compounds, and thus cytotoxicity, are dependent on the manufacturing process, host tree, and time of harvest. They concluded that although mistletoe lectin strongly correlated with apoptosisinducing properties, involvement of other components may modulate lectin cytotoxicity [31] . Urech et al. [36] investigated the effect of viscotoxin and mistletoe lectin I on three tumour cell lines in culture (Yoshida sarcoma cells, T-cell leukaemia cells Molt4, and myeloid cells K562). Both viscotoxin and mistletoe lectin were cytotoxic for the three cell lines tested, although the cell sensitivity was dependent on the type of cells used [36] . Hunziker-Basler et al. [34] studied the effects of aqueous mistletoe extracts collected from different host trees on bladder cancer cells by means of MTTcolorimetric cell proliferation/survival assays. The extracts possessed concentration-dependent cytotoxic properties whose extent varied with the host tree, but did not always correlate with the corresponding mistletoe lectin content [34, 37] . They concluded that V. album hosted by hawthorn and tiliae strongly inhibited the growth of bladder cancer cells in a long-lasting way [34, 37] . In the present study, aqueous extracts of mistletoe grown on Crataegus tanacetifolia (tansy-leaved thorn) and Crataegus monogyna (common hawthorn) exhibited moderate tumor inhibition (40.8% and 56.3%, respectively).
It is remarkable that although any antibacterial activities of V. album extracts were not observed within our study, some studies [38] [39] [40] [41] [42] reported the antibacterial activities of V. album extracts. Erturk et al. [39] tested the antibacterial activity of n-hexane extract of V. album subsp. abietis (Wiesb.) against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Enterobacter cloacae and Proteus vulgaris. They indicated that n-hexane fractions exhibited pronounced antibacterial potencies [39] . Erturk [38] reported that ethanolic extracts of V. album showed antibacterial activity against E. coli, Pseudomonas aeruginosa, Bacillus subtilis and Staphylococcus aureus. Sengul et al. [42] evaluated the aqueous and methanolic extracts of V. album and they concluded that methanolic extract (against 9 out of 32 microorganisms) had shown better antimicrobial activity compared to aqueous extract. Deliorman et al. [43] evaluated the antimycobacterial activity of V. album subspecies. Oguntoye et al. [41] reported that ethanolic and aqueous crude extracts of V. album inhibited the growth of Klebsiella aerogenes, Proteus sp., Escherichia coli and Pseudomonas aeruginosa. Hussain et al. [40] determined the antimicrobial activities of aqueous, ethanol, methanol, acetone, ethylacetate, chloroform and petroleum ether crude extracts of V. album leaves and twigs. They showed that ethylacetate and methanol extracts exhibited prominent activities against both Gram positive and Gram negative bacteria [40] .
Initially, all V. album extracts were filter sterilized in our study and antibacterial activities were not observed with all test extracts. Later, antibacterial test was repeated with unsterilized extracts (no filter sterilization). Ethanolic extracts did not show antibacterial activity again, but inhibition zones were observed with aqueous extracts against used bacteria. On the other hand, there were some contaminations around the filter paper discs and it was not reliable to evaluate these zones as inhibition zones. Because, some microorganisms around the disc may have contributed to these inhibition zones. We concluded that sterilization is required for determination of antibacterial activity of aqueous extracts of V. album. Generally, filter sterilized plant extracts are used in the agar disc diffusion assay to eliminate microorganisms found in the extracts. Most authors report on filter sterilizing with a 0.22 or 0.45 µm membrane filter before the procedure [44, 45] . But, Vanden Berghe and Vlietinck [46] reported that sterilization by membrane-filtration has disadvantages since any antimicrobial agents can be adsorbed on the filter material, rendering the extract inactive. Also, sterilization of the extracts by autoclaving or other strenuous methods should be avoided in order not to destroy any thermo-labile antimicrobial agents present in the extracts [46] . They do not suggest sterilization by membrane filtration for aqueous dispersion. This sterilization can result in the loss of antimicrobial activity from aqueous solutions and a good alternative is to use aqueous ethanol as extraction solvent for the plant material [46] . Hashemi et al. [47] compared the selected sterilization methods (autoclaving and Acrodisc syringe filter) to maintain high susceptibility of antibacterial activities of aqueous extracts of herbal plants. They concluded that the use of autoclave-sterilized and syringe-filter sterilized both reduced the antibacterial activities of the herbal extracts. However, the reduction was far less for autoclaving. It was apparent that sterilization methods have had negative effects on the properties of phytochemical compounds and quality of nutrition [47] . On the other hand, filter sterilization of V. album extracts except Erturk [38] was not mentioned in other studies [39] [40] [41] [42] . Erturk [38] extracted the dried leaves and twigs of the plant with 95% ethanol at room temperature and then filter sterilized through 0.45 mm membrane filter. Antibacterial activities of the tested extracts were observed with this study [38] . Mistletoe contains thermo-labile compounds such as lectins and viscotoxins [22, 23] and Cowan [48] reported that water-soluble compounds, such as polysaccharides and polypeptides, including fabatin and various lectins, are commonly more effective as inhibitors of pathogen adsorption and have no real impact as antimicrobial agents. Although two kinds of ethanolic extracts (filter sterilized and unsterilized) were used in our study for each sample, antibacterial activities of them were not observed. The reason of this may be our extraction heat (45 °C) that may have destroyed antimicrobial agents in our extracts.
CONCLUSION
The results herein revealed that antitumor activities of V. album changes according to host plants. The influence of the host tree on biological activities of mistletoe is apparent. Future studies should focus on anticancer activity of V. album hosted by different trees using different cancer cell lines to evaluate the most potent host tree. Moreover, different biological activities of V. album grown on different plants should be studied to reveal the biological connections established between the host and the parasite.
